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I. Introduction

The four main topics addressed by the Advanced Electromagnetic Methods for Aerospace

Vehicles during this research period are:

a. Antenna Pattern Prediction Methods, Modelings and Computer Codes

b. HF Antennas

c. Composite Materials

d. Antenna Technology

Each of the above topics is briefly addressed, reporting on the progress made and outlining

future work to be accomplished.

II. Antenna Pattern Prediction Methods, Modelings, and

Computer Codes

a. The NASA helicopter model (scale 7:1)

b. The Commanche helicopter model (full size)

c. The Blackhawk helicopter model (full size)

d. The Apache helicopter model (full size)

The geometries for the Blackhawk and Apache helicopter models, respectively, were acquired

and processed during this reporting research period.

Most of the work accomplished on antenna pattern predictions was focused on the

application of available electromagnetics codes to the analysis of antennas on helicopter

platforms. Low- and high- frequency limits of the

a. Numerical ElectromagneticsCode (NEC)

b. Electromagnetics Surface Patch (ESP) code

c. Finite-Difference Time-Domain (FDTD) code

d. FiniteElement RadiationModel (FERM) code

were recommended and modeling guidelines were provided.

An important part of electromagnetic analysis of antennas on helicopter structures is the

processing of the helicopter geometry. The geometry processing begins by available cross-

sectional data of the helicopter airframe, wings, and horizontal and vertical stabilizers.

These cross-sectional data are used to produce graphics representations of the helicopter

geometry and provide the input file for the electromagnetics computer codes. Our database

of helicopter geometries include:



III. HF Antennas

The useofhigh-frequency(HF) band (2-30MHz) isone ofthe primary means ofcommunica-

tionsavailableforhelicopters.Operationallyacceptableantennassuch asloops,inverted-L's

and monopoles, are very small electricallyat the low end of the band. Therefore,they are

highlyreactiveand possessa verylow radiationresistance.In addition,in the HF band the

helicopterairframebecomes an integralpartofthe radiatingstructure.Furthermore,when

more than one antenna isused they are expected to operateindependentlywithout failure

induced by mutual coupling.

Input impedance ofHF antennas on helicoptersstructureswas performed usingthe NEC

code. Analysisincluded:

a. A towel-bar antenna on the surface of the Blackhawk helicopter

b. An inverted-Lantenna on the surfaceofthe NASA scaledhelicopter

While keepingthe sizeand radiusof the antenna fixed,the sizeand radiusof the helicopter

mesh were variedin the NEC code to assesstheireffecton the numerical predictionsofthe

antenna_sinput impedance. Numerical predictionsforthe inverted-Lantenna on the NASA

scaledhelicopterwere compared with measurements.

Input impedance analysisof a loop antenna on the surfaceof a square ground plane

and a helicopter-likebody, was alsoperformed usingthe FDTD method. The limitationsof

the FDTD method when calculating wldeband electromagnetic characteristics of radiating

systems were examined. These limitations are defined by standard "rules of thumb." On the

upper frequency range the method is limited by the grid size relative to the wavelength, while

on the lower frequency range the method is limited by the accuracy of absorbing boundary

conditions and the electrical distance from the structure edges to the outer boundary of the
numerical domain.

IV. Composite Materials

The work in the areaof composite materialsincluded:

a. Development of three-dimensionalvolume mesh generatorfor modeling thick and

volumetricdielectricsby usingthe FDTD method

b. Modeling antenna elements mounted on a composite Commanche tailstabilizer

c. Modificationof a geometry subroutinein the FERM code to expeditethe modeling

processof composite materials

The researchinthe areaofcompositematerialshas been focusedon analyticmodeling of

composite sheetsby using a Green'sfunctionapproach. Some simplecomposite geometries

such as the thin plate,wedge, and square plategrounded monopole have been previously

designedto verifythe Green's functionapproach. The surfaceimpedance concept showed

encouragingagreement with measurements. Based on thispreviouswork, thistechniquehas
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been coupled intothe NEC code to providean equivalentsurfaceimpedance distribution,

which issubsequentlyused forantenna patternpredictions.

Directapplicationof the FDTD method relieson the discretizationof a complex geom-

etry.In previousresearchperiods,an FDTD surfacemesh generatorhas been developed;

however, thiswas applicableonly to objectsconsistingof conducting surfacesand thin

dielectrics.In thisperiod a volumetricFDTD mesh generatorhas been developed. The

volumetricmesh generatorallowsmodeling ofthickcomposite materials.Numerical mod-

elingof a lossydielectricsphere and a grounded monopole on a thickcomposite substrate

have been demonstrated. The mesh generationhas alsobeen appliedto a scaledcomposite

Commanche tailstabilizeron which an antenna was mounted.
l

V. Antenna Technology

The research in the area of antenna technology was focused on the design of:

a. Cavity-backedmicrostrippatch antennas

b. Ferrite-tuned cavity-backed slot antennas

Such antennas are required to operate in the UHF band (300 - 3000 MHz) or even VHF

band (30 - 300 MHz). Operation of such antennas in the UHF or VHF band is limited

by the prohibitively large size requirement of conventional antenna designs. One common

approach in lowering the operating frequency of the patch antenna is to use a high dielec-

tric substrate. However, this results in heavier antenna designs which are undesirable for

aerospace applications.

An alternative way to lower the operating frequency of the patch antenna without sub-

stantially increasing the dielectric constant of the substrate is to recess the patch into a

cavity. Analysis of scattering and radiation performance of single elements of recessed

cavity-backed patch antennas were examined. To achieve bandwidth improvement over the

conventional cavity-backed microstrip patch antenna, parasitic elements were added to the

antenna structure by stacking its patches.

With the ferrite-loaded cavity-backed slot antenna, theoretical and experimental work,

aimed at reducing the antenna operating frequency to UHF band, was performed. The

reduction of the operating frequency to the UHF band was accomplished by filling the

cavity with ferrite material. The slot antenna can then be tuned over a broad bandwidth

by applying different levels of magnetization. Numerical results of the slot antenna gain

and tuning capabilities were also examined. The effect of varying the slot position and the

level of the DC bias magnetic field on the antenna performance was also examined through

a series of experiments. Measurements of the S-parameters of the antenna were obtained

and conclusions on the feasibility of such an antenna design were drawn.
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ABSTRACTS OF JOURNAL AND CONFERENCE PUBLICATIONS

I. "Automatic and EfficientSurfaceFDTD Mesh Generation forAnalysisof EM Scat-

teringand Radiation,"by W. Sun, M. P. Purchine,J. Peng, C. A. Balanisand G. C.

Barber, J. of Electromag.Applicat.,accepted.

The firstand most importantissueinFDTD modeling istogeneratea surfacemesh of
the structureunder consideration.There are a few dedicatedmesh generatorswhich

could discretizethe space intocellsforgeneralanalysispurposes. However, among

FDTD applications,a largeportionof them deal with objectsstructuredprimarily

with conducting and/or thin-dielectricplatessuch as a conducting sphere or cube,

a cavity,an airplane,etc.. The mesh data necessary to input are those of node

indicesand materialparameterson the objectsurface.Geometry modeling isessential

to generate FDTD cellson the surface.A simple and effectivealgorithm capable

of on-surfacemesh generationisexamined based on the ray-tracingmethod. The
algorithmpresumes thatthe inputgeometry isdescribedby polygons and lineswhich

are oftenapproximationsof smooth surfacesand thinwires.In output the algorithm

decomposes automaticallythe polygonsand linesintoon-surfacecellscompatiblewith
an FDTD solver.

2. "Vector One-Way Wave Absorbing Boundary Conditions for FEM Applications," by
W. Sun and C. A. Balanis, IEEE Transactions on Antennas and Propagation, vol. 42,
June 1994.

In this paper a derivation is presented which leads to a new and general class of

vector absorbing boundary conditions (ABCs) for use with the finite element method
(FEM). The derivation is based on a vector one-way wave equation and a polynomial
approximation of the vector radical. It is shown that wide-angle absorbing boundary
conditions can be obtained in vector form. Vector plane waves are used to evaluate the
accuracy and the reflection performance of these boundary conditions in a wide range
of incidence angles. The implementation of the vector ABCs in a FEM formulation is
also provided to show how up to the fifth-order absorbing accuracy can be achieved
with derivatives only up to the second-order. A possible formulation is described which
not only yields a third-order accuracy with first-order derivatives, but also retains the
symmetry of the FEM matrix.

3. "Contour Path FDTD Method for Analysis of Pyramidal Horns With Composite Inner
E-plane Walls" by P. A. Tirkas and C. A. Balanis, IEEE Trans. Antennas Propag.,
accepted.

The contour path finite-difference time-domain (FDTD) method is used for modeling
pyramidal horn antennas with or without composite E-plane inner walls. To model
the pyramidal horn surface, a locally distorted grid is used. Modified equations are
obtained based on the locally distorted grid and the assumptions of the contour path
method. The developed algorithm is validated by comparing computed antenna gain
patterns, with and without the presence of composite material, with available mea-
surements.

4. "Analysis of Probe-fed Circular Microstrip Patches Backed by Circular Cavities," by
J. T. Aberle and F. Zavosh, Electromagnetics, 14:239-258, 1994.

In this article, a full-wave moment method solution for probe-fed circular microstrip
patch antennas backed by circular cavities is presented. The antenna performance in
both scattering and radiation cases are considered. Results are compared to those of
conventional probe-fed circular patch antennas.



5. "Infinite Phased Arrays of Cavity-Backed Patches," by F. Zavosh and J. T. Aberle,
IEEE Trans. Antennas Propag., Vol. 42, No. 3, March 1994.

An analysis of the radiation properties of infinite phased arrays of probe-fed cir-
cular microstrip patches backed by circular cavities using a rigorous Green's func-
tion/Galerkin's method is presented. The effect of substrate thickness on both scan
volume and bandwidth performance is considered. Results are compared to those of
infinite arrays of conventional probe-fed circular patch antennas.

6. "Finite-Difference Time-Domain of HF Antennas" by W. V. Andrew, C. A. Balanis,
C. Birtcher and P. A. Tirkas, IEEE Trans. Antennas Propag. Society Intern. Syrup.,
Seattle, WA, June 1994, accepted.

In this investigation, the FDTD method has been applied to low frequency or dec-
trically small radiating structures. The recent development of higher-order absorbing
boundary conditions (ABC) has allowed the use of very small cell sizes in the FDTD
computational space by placing the absorbing boundaries closer than the traditional
one wavelength from the scatterer or radiating structure. The FDTD method with
higher-order absorbing boundary conditions was used to model and predict the far-
field radiation of electrically short antennas. Results are presented and compared with
measurement for HF loop or "towel bar" and inverted-L antenna dements used at 10
MHz mounted on a helicopter-like body, a square cylinder. The computed radiation
patterns compare well with measurements.

7. "Radar Cross Section of a Ferrite Tuned Cavity Backed Slot" by D. M. Kokotoff, B.
E1-Sharawy and J. T. Aberle, IEEE Trans. Antennas Propag. Society Intern. Syrup.,
Seattle, WA, June 1994, accepted.

The cavity backed slot (CBS) antenna is an attractive candidate for aerospace ap-
plications due to its lightweight, low profile, and conformal attributes. However,
conventional CBS antennas are usually limited to UHF and higher frequencies due
to size constraints. The antenna size can be reduced by loading the cavity. Unfortu-
nately, cavity loading reduces the antenna's bandwidth and increases its weight. An
alternative approach is to load the cavity with ferrite. Besides reducing the size of
the antenna, the material properties can be varied with the application of an external
bias field. The antenna comprises an aperture in an infinite ground plane backed by a
cavity which is filled with various ferrite and dielectric layers. The structure is tuned
by varying a DC magnetic bias field in the plane of the layers. The antenna is analyzed
using the method of moments wherein the Green's functions are formulated using the
spectral domain transmission matrix approach. By examining the scattering response
of the antenna, one may determine resonant frequencies and qualitatively assess the
antenna behavior. Dynamic, as well as, magnetostatic volume and surface wave mode
resonances were examined.

SEMIANNUAL AND QUARTERLY PROGRESS REPORTS

1. Report No. TRC-EM-CAB-9401 entitled "Advanced Electromagnetic Methods for
Aerospace Vehicles," by C. A. Balanis, W. Sun, et al., Semiannual Progress Report,
(July 1 - December 31, 1993), Grant No. NAG-l-1082 (AHE), NASA Langley Re-
search Center, Hampton, VA.

2. Report No. TRC-EM-CAB-9403 entitled "Advanced Electromagnetic Methods for
Helicopter Applications," by C. A. Balanis, P. A. Tirkas, et al., Quarterly Progress
Report, (January 1 - March 31, 1994), AHE Program.
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